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Figure 1: LysM-Cre IKKβ-Flox depletes IKKβ in the microglia 
only  
Figure 2: Depleting IKKβ inhibits NF-κB mediated cytokine
production
Background
•  Synaptic pruning is an important developmental phenomenon where excess synapses are 
eliminated by microglia1.
•  The Cvetanovic lab studies Spinocerebellar Ataxia Type 1 (SCA1), a genetically inherited 
neurodegenerative disease that aﬀects the cerebellum2, by using mouse models of the 
disease3.
•  Synaptic pruning deficits are observed in certain mouse models of SCA14.
•  Microglia, the resident immune cells of the brain, play a crucial role in neurodegenerative 
disease as well as synaptic pruning, and are activated in SCA1.5
•  In order to study the eﬀects of microglial activation on neurological pathology in SCA1, we 
have created a transgenic mouse line with an inhibition of microglial NF-κB-mediated pro-
inflammatory cytokine production6. (Figures 1 & 2)
•  Since microglia mediate synaptic pruning1, we wanted to see if inhibiting NF-κB aﬀected 
synaptic pruning. I used immunohistochemical analysis of cerebellar tissue sections from 
these mice to determine this.  
•  Aberrant synaptic pruning has a distinct phenotype (Figures 3 & 4)7
Table 1: Protocol Optimization
Figure 3: Purkinje Neurons and synapse elimination in the
 developing cerebellum
Figure 4: Aberrant synapse elimination in the cerebellum
•  If inhibiting microglial NF-κB activity contributes to synaptic pruning, then we would expect to 
see an increase in synapses innervating the cell body of the Purkinje Neurons of  LysM-Cre 
IKKβ-Flox mice. 
Methods
•  I used immunohistochemical tissue staining to visualize specific proteins in the cerebellum.
•  I used anti-Vesicular Glutamine Transporter 2 (VGLUT2) antibody to reveal climbing 
fiber-Purkinje neuron synapses in the brain
•  I used calbindin to visualize the Purkinje Neurons8 
•  Protocol Optimization
•  I tested a number of protocol variations to determine optimal staining conditions for 
this combination of antibodies (Table 1)
•  It was determined Sodium Citrate antigen retrieval, 24 hour incubation time, and 1% 
Triton concentration in buﬀer provided optimal staining
•  7 mouse brains were selected and sectioned for immunohistochemistry
•  Mounted sections were imaged using an Olympus FluoView1000 confocal microscope
•  Of the 7 brains, 2 were damaged during tissue processing
•  Images were analyzed using IMARIS software
•  VGLUT2 and Calbindin images were superimposed, and synapses revealed by 
VGLUT2 positive dots present on the Purkinje neuron bodies identified by Calbindin 
were counted. 
•  An increase in synapses on the cell body indicates a deficit in synaptic pruning. 
•  Statistical analyses were performed using R Statistics software
3.780701754
6.537593985
9.294117647
0
2
4
6
8
10
12
WT LysM-Cre IKKβ[fl/fl] LysM-Cre IKKβ[fl/+]
Synapses per Cell body
n=2 n=2 n=1
P =0.23, NS
WT LysM-Cre IKKβfl/fl
Results
•  Although no statistically significant diﬀerence can be reported due to small sample size, NF-κB 
inhibition appears to alter synaptic pruning in mice. 
•  I have optimized a staining protocol for VGLUT2 and demonstrated that it successfully stains 
cerebella for synapse count analysis. 
•  Future experiments with larger sample sizes are needed to clarify if NF-κB inhibition truly 
interferes with synaptic pruning
•  Dye injection of inferior olives to stain climbing fibers could determine if multiple climbing 
fibers are innervating the Purkinje neurons 
Discussion
Acknowledgements 
Funding for this project was provided by the University of Minnesota Oﬃce of Undergraduate 
Research (UROP)
Research was supported by startup funds for Marija Cvetanovic from the University of Minnesota 
Department of Neuroscience, Institute of Translational Neuroscience, and the Minnesota Medical 
Foundation 
Presentation support provided by the University of Minnesota North Star STEM Alliance. 
References
1. Paolicelli, R. C. et al. Synaptic pruning by microglia is necessary for normal brain development. 
Science 333, 1456–8 (2011).
2. Donato, S. Di, Mariotti, C. & Taroni, F. Spinocerebellar ataxia type 1. Handb. Clin. Neurol. 103, 
399–421 (2012).
3. Burright, E. N. et al. SCA1 transgenic mice: A model for neurodegeneration caused by an 
expanded CAG trinucleotide repeat. Cell 82, 937–948 (1995).
4. Ebner, B. A. et al. Purkinje cell ataxin-1 modulates climbing fiber synaptic input in developing 
and adult mouse cerebellum. J. Neurosci. 33, 5806–20 (2013).
5. Cvetanovic, M., Ingram, M., Orr, H. & Opal, P. Early activation of microglia and astrocytes in 
mouse models of spinocerebellar ataxia type 1. Neuroscience 289, 289–299 (2015).
6. Strachan, T. in Human Molecular Genetics (Wiley-Liss, 1999). at <http://www.ncbi.nlm.nih.gov/
books/NBK7563/>
7. Hashimoto, K. & Kano, M. Synapse elimination in the developing cerebellum. Cell. Mol. Life 
Sci. 70, 4667–80 (2013).
8. Barski, J. J. et al. Calbindin in cerebellar Purkinje cells is a critical determinant of the precision 
of motor coordination. J. Neurosci. 23, 3469–3477 (2003). 
